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��°��¬h`rfRdk�Pc¥ÍJ]J®§Y×YX1[bX1^'ûqP�J]_1Nmg&X1^`N"XVX�S�Ù*^`RTrQN
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�

ØqhOX1gQh`P�^5UTP�SßJbWâ� Û��ÎisL.NQPEÀ]¿�¾`ÇTÅÍÃÎ¿%Ê"Ä�XTZ�r	P�RT�mhHJbW¯R�NQJ]hxL.X1_1^`RTa Rd^`P}h5L.RTgQ[bP}tQWQSQP�^

U�JbP�|'r&X1J]W�L�k
NfRdWQ_1P�RTWQS�h5k/RT[bPcL.^`RTWQhxZ,X1^`alRdL.JbX1W\uE��J]hxL.X1_1^`RTa gQJ]Wî¾
¿���ÊfÅ¦Ä�t"h`P�S¯J]W
� 6 ��iYX1W�L.N"P�XdL.NQP�^HNQRTWQS\iYRT^`P�h`P�WQh`JML.JMU1P�L.X8L.NQP�h`P�ZÍRTk�L`X1^`h�uï²pZqL.NQP�X1g�~5P�k�LHk�X1[bX1^`h

|nP�^5P�WQXdLcrQ^5P�h5P�W�L�RTW��m|'NQP�^5P�J]W�L.N"P�gfRTk
�m_1^5X1tQWQS�ieL.NQP�^.RdL`J]X�XTZ�L`NQP�N"J]h5L`X1_1^`RTa

g"J]WEk�XTtQW�L.h�XTZ r&P/RT�mh�k�XT^`^`P�h`r&X1WQSQJbWQ_@L.X@L`NQP{�mtQP�^5�EX1gm~5P�k�L*k�X1[]XT^`hq|nX1tQ[bS8RT[]h5X}g	P

JbW�UTRd^`J®RdWmL�L`X�h5k/RT[bP L`^.RTWQhxZ,X1^`alRdL`J]X1WQh�u��qX�|YP�U1P�^�i1L.N"J]h�RTh`h5tQaHr"L.JbX1W�k�RTWQWQXdL)g&PnalRTSQP

Z,XT^�L.NQJbh�X1^ RTW���XTL`NQP�^ _TP�WQP�^.RT[�SQRdL
RTgQRTh`Pdu�²yW�ZÍRTk�L/i\P�U1P�W�L`NQP�r	P�RT��[]X�k/RdL`J]X1WQh�RT^`P

R%©�P�k�L.P�S�g���L`NQP@rQ^5P�h5P�WQk�P}XTZ�gfRTk
�m_1^5X1tQWQS�JbW�L.N"PcJ]alRT_1PHRTW"S�alP�L.NQX�SQh�NfR/U1PcL`X

g&POSQP�UTP�[bX1r	P�S�L`X�aHJ]WQJbalJb��P(L.NQJbh(P�©�P�k�L�h`X�L.NfR%L�r&P/Rd�E[]X�k/RdL`J]X1WQh�k/RTW�g	POtQh5P�S�RTh
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Rdk�k�t"^.RdL`P}SQP�h5k�^`Jbr"L.XT^`hOXTZ'L.NQP�k�X1[]X1^�k�X1W�L`P�W�LcXdZ�RdW¯JbacRd_1PTuEI�P�t"h`P�R�ÄyÖ&À:Ã¦Å(ÇTÊ&Ó

ÈcË�Á�Æ�Ë)L.P�k
N"WQJ]�mtQP�Z,XT^nr&P/RT�OSQP�L.P�k�L.JbX1Wl|'N"J]k
N@rQ^5XVS"tQk�P�heRTk�k�tQ^`RdL.Pqr	P�RT�mheJ]WQh5rQJbL`P'XTZ

L`NQP*rQ^`P�h`P�WQk�P�XTZ)JbW�L.P�^xZ,P�^5J]WQ_�gfRdk
��_TX1tQWQSQh�u

��P/RT�mh'RT^5P SQP�L`P�k�L.P�S�XTáHJbWQPqZ,^5X1a ± o3òîk�X1[]XT^nNQJbh5L`X1_1^.Rdalh XTZ�L.N"P J]alRT_1P�hnJbWlL.N"P

SQRdL
RTgQRTh`Pdu���P/Rd�cSQP�L.P�k�L.JbX1W}^`P���t"J]^`P�h�R{WmtQa{g&P�^eXdZ�rQ^.RTk�L.Jbk/RT[&k
NQX1Jbk�P�heL`X{g&P acRdSQPTu
v�N"P�NQJbh5L.XT_1^.RTaHh�h`N"X1tQ[]S�g&P�k�X1WQh5L`^`tQk�L.P�S�J]W�Rlk�X1[]X1^�h5rfRTk�P�|'NQJbk
N�J]h�RTh�h5L.RTgQ[bP�RTh

r&X1h5h`J]g"[]P�tQWQS"P�^*SQJb©	P�^5P�WQk�P�h(J]W8[]Jb_1N�L.JbWQ_@k�XTWQSQJbL`J]X1W"h*RTWQS8L.NQPONQJbh5L.XT_1^.RTa´gQJbW�h5J]��P

h5NQX1tQ[bS�g&P@RTg"[]P�L.X�SQJ]hxL.J]W"_1tQJ]h5N�U�Jbh`tfRT[b[b�ES"Jb©	P�^`P�W�L�gQtVL{h`JbalJb[®RT^�k�X1[bX1^`h�u���XT^*L`NQJ]h

|nX1^5�&i�|nP�tQh`P�L`NQPO� °��ñ¥,NmtQPTi�h.R%L.tQ^`RdL.JbX1W\i	UdRT[btQP�§�k�X1[bX1^ h`rQRTk�Pdi�h5J]WQk�P�JbL�J]h aHX1^`P

hxL
RTg"[]P}L.NfRdW���Ù*½¨t"WQSQP�^OUdRT^`J]RdL.JbX1WQh�JbW¯Jb[][btQalJbWfRdL`J]X1W\u�²yWåRTS"SQJbL`J]X1W\iY°VJbWQk�P}L.N"P

NmtQP�k�X1aHr&X1WQP�W�L�J]h�L`NQP�aHX1h5L�hxL
RTgQ[bP(RTWQS�UdRT[btQP*k�X1aHr&X1WQP�W�L�L.NQP([]P�RTh5L�hxL
RTgQ[bPTif|nP

t"h`P���°��wNQJbh5L`X1_1^.Rdalh�|'JbL`N�zfW"P�[b��SQJbh`k�^`P�L`J]��P�S�NmtQP�R��"Jbh�RdWQS�k�X1RT^`h5P�[b���mtfRTW�L`J]��P�S
h`RdL.t"^.RdL`J]X1W�RTWQS}UdRT[btQP*R%�VP�h�¥�ÐT�%� 6 ô%� 6 ô�§�u

IKNQP�W�k�XTWQh5L`^`tQk�L.J]W"_@NQJ]hxL.X1_T^.RTaHh�i�RT[b[��5_1^5P����E¥,^.RTWQ_TJ]WQ_OZ,^`X1a�g"[®RTk
�@L`Xl|'NQJML.P�§

r"JM�VP�[bh�JbW�L`NQPcJbacRT_TPlRd^`PHJ]_1WQXT^`P�S�h`JbWQk�PHL.NQP�h`P@r"JM�VP�[bh(alRTr�L.X�Rd^`gQJML.^.Rd^5�ENmtQPl[]Xdo

k�RdL.JbX1WQh JbWE� °��ýh`rfRTk�PTu��sP�^5��[]JML`L.[bP*SQJ]h5k�^`JbalJbWfRdL`J]X1W�r	X�|nP�^�Jbh []X1hxL�g&P�k/RdtQh`P�_1^5P��
r"JM�VP�[bh'RT^`P*rQ^5P�h`P�W�L�JbW�Rd[]aHX1h5L'Rd[][�JbacRd_1P�h�iQtQh`tQRT[][M�@RTh'gfRdk
��_T^`X1tQW"S�X1^eL`P���L/u

v�NQP�^`P�RT^`P�Ly|YX�k�X1WV¢fJ]k�L.J]W"_�Jbh`h`t"P�hlL`X�g&P�k�X1WQh5J]SQP�^`P�SßJ]W¯SQP�k�J]S"J]WQ_8L.NQP�r&P/RT�

S"P�L.P�k�L`J]X1Wlh5L.^`RdL.P�_T�1u ³ WcL`NQP�X1WQP�NQRTWQS\iVRT[][fk�X1[]XT^`h J]WlL`NQP�J]alRT_1P'h`NQXTtQ[]Slg	Pq^`P�r"^`P�o

h5P�W�L.P�S�Rdk�k�t"^.RdL`P�[b�@RTWQS�X1W@L`NQP�XTL.N"P�^�NfRTW"S�L`NQP�WmtQa{g&P�^�XTZ�r&P/RT�mh'h`N"X1tQ[]S}W"XTL'g	P

[]RT^`_TP{RTh�L`NQJ]h�|YXTtQ[]SEalRT�TP�L.NQP{alRdL`k
N�[]P�h`h ^5X1gQtQhxL(RTWQSEJ]W"k�^`P�RTh`P�L.NQP{h5J]��P{XTZ+L.N"P
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W"P�J]_TN�g&X1^5NQXVX�S}_1^`RTrQN�tQh`P�S�JbW�L`NQP*h`P�k�X1WQS�rQNfRTh5PTu
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HUE --> 

Histogram for whole image
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HUE -->

Histogram for cell (3,6)

Green (14)Yellow (10) Blue (41)
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��J]_1tQ^5P�� £ °�NQJbZ¦L J]W�L`NQPqNmtQP�k�XTalr&X1WQP�WmL XTZ�NQJ]hxL.X1_T^.RTa r	P�RT�mhnSQt"P�L`X(L`NQPqr"^`P�h5P�WQk�P

XdZ\J]W�L`P�^5Z,P�^`JbWQ_�gQRTk
�m_1^`X1t"WQS8¥�R1§s_1[bX1gfRT["N�t"P�NQJbh5L.XT_1^.RTaµXTZ\L.N"P�����JbrQ[]X�k��*RdS"U1P�^5L.Jbh`P�o
aHP�W�L�X1W�[]P�Z¦L�¥Íg�§YNmtQP(NQJbh5L.XT_1^.RTa XTZ�k�P�[b[s¥ ± i Ð�§

v�NQPcNQJ]hxL.X1_1^`RTa r&P/RT��[]X�k/RdL`J]X1W8XTZ�R��mtQP�^x��X1g�~5P�k�L�k�X1[bX1^�k�RTW�g&PcalRTh`�dP�S�X1^

h5NQJbZ¦L`P�S�JbW�R�_1[]XTgfRT[sNQJ]hxL.X1_T^.RTaðJ]W�L`NQP@rQ^5P�h5P�WQk�P�XdZqgQRTk
�m_1^`X1t"WQS�X1g�~5P�k�L.h{|'NQJbk
N

Rd^`P'[®RT^5_1P�^�L`NfRTWHL.NQP'�mtQP�^x�HX1g�~5P�k�LeRdWQSlNQR�UTP�h5J]aHJ][®Rd^)k�XT[]X1^5h�u���P/RT�Oh5NQJbZ¦L`h k�RTW@Rd[]h`X
X�k�k�tQ^ |'NQP�W�L`NQPOgfRTk
�m_1^`XTtQWQS�NfRTh*_1^.RdSQtfRT[b[b��UdRT^5��J]W"_}k�X1[bX1^`h |'NQJbk
N8X�UTP�^5[®RTrEL.N"P

�mtQP�^5�8X1gm~5P�k�L(k�X1[]X1^5h�u��fX1^�P��"RTalr"[]PTi���J]_}��h`NQX�|'h*L.NQP�_T[]X1gfRd[)NmtQPHNQJ]hxL.X1_1^`RTa´XTZ

RdW@J]alRT_1P�XTZ�R�����JbrQ[]X�k��(gfRT_{RT[]X1W"_�|'JbL`NcUdRT^`JbX1tQh U1P�_TP�L
RdgQ[]P�hY|'NQJ]k
N�Rd^`P SQJM©�P�^`P�WmL
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h5NfRTSQP�hcXTZ�_1^`P�P�WßRTWQSï�TP�[b[]X�|*uåv�NQP�NQJ]hxL.X1_T^.RTa XdZ k�P�[][�¥ ± i Ð�§�|'NQJbk
Nßk�X�UTP�^5hlL.N"P

����J]rQ[bXVk��{rfRTk
�%RT_1P*X1W"[b�1ifh5NQX�|'h�L`NQP(RTk�L`tfRT[�r&P/RT�c[]X�k/RdL`J]X1WQhYXTZ)L`NQP*k�X1[bX1^`h�rQ^5P�h5P�W�L
XTW(L`NQPnrQRTk
�%RT_1PTu�v�NQP�h5Per&P/RT�mh�RT^`P []X1hxL�J]W*L.NQP _1[bX1gfRT[1N"J]h5L`X1_1^`RTa�i�g&P�JbWQ_'h`tQgQh5tQaHP�S

g���L.NQP{k�X1[]XT^`h JbW�L.NQP�gfRTk
�m_1^`XTtQWQS\u(v�X�R/UTX1J]S�L`NQJ]hqrQ^`X1g"[]P�a�i	|nP�tQh5POR�ÄyÖ&À:Ã¦Å'ÇTÊ&Ó

ÈcË�Á�Æ�ËshxL.^`RdL.P�_T�lZ,XT^nr&P/RT�OSQP�L.P�k�L.JbX1W\u+v�NQP�J]alRT_1P'J]h h`rQ[bJbLnJ]W�L.X! É�#"�k�P�[][bh�u	$�X�k/RT[
N"J]h5L`X1_1^`RTalh�RT^`P}k�X1WQhxL.^`t"k�L.P�SßJbW�L.NQP�h`P�J]alRT_1Plk�P�[b[]h�RdWQS�r	P�RT�mhlRd^`P}SQP�L.P�k�L.P�SßJ]W

L`NQPH[]X�k/RT[+NQJbh5L`X1_1^.Rdalh�ulv�NQP�ÄyÖ&À:Ã¦Å+h5L`P�r�^5P�SQtQk�P�h�L`NQPlRT^`P�R�XTZYL.NQPHJ]alRT_1P�k�X�UTP�^5P�S

g���L.NQP�NQJbh5L`X1_1^.RdaþL`X�R@h`alRT[][�[]X�k/Rd[]JbLy��RdWQSEL.NmtQh�^`P�SQtQk�P�h�L.NQP�WmtQa�g	P�^�XTZsk�X1[bX1^`h

r"^`P�h5P�W�L�JbW�P/Rdk
N�k�P�[][nRTWQS�L`NQPck
NQRTWQk�PcXTZ�J]W�L`P�^5Z,P�^`P�WQk�P@g&P�Ly|nP�P�W�k�X1[bX1^`h�u�ò t"PHL`X

L`NQP*h`alRT[][bP�^eWmtQa�g	P�^�XdZ)rQJ¡�VP�[]h'tQh5P�S�J]W}L.NQP*NQJbh5L`X1_1^.RdaÉk�XTWQh5L`^`tQk�L.J]XTW\ifP�UTP�W�h5acRd[][

r&P/Rd��h*g&P�k�X1alP�h5J]_1W"Jbzfk�RTW�L*RTWQS8k/RdW�g&POSQP�L`P�k�L.P�S�u�v�NQPOr	P�RT�mh(XTg"L
RTJbWQP�SEg���L`NQJ]h

aHP�L`NQX�S�SQP�h`k�^5J]g&PYL.N"PnUdRT^`JbX1tQh�k�X1[bX1^`h�rQ^`P�h`P�WmL�J]W�L`NQPYJbacRT_TP aHX1^5PeRTk�k�tQ^`RdL.P�[b�*L.NfRdW

_T[]X1gfRd[�NQJ]hxL.X1_1^`RTa�r&P/RT�mh�u��fX1^�L`NQJ]h�SfRdL.RTgfRTh5PTi�Rlk�P�[][�h`Jb��P�XdZ 6 ô1ô%� 6 ôTôHrQJ¡�VP�[]h�|eRdh

t"h`P�S�u

°Vr"[]JbL5L.JbWQ_ L.NQP�J]alRT_1P�NQRThYRdWQXTL.N"P�^sacR�~5X1^sg	P�WQP�zQL |'NQJbk
NcJ]hstQh5P�ScL`X�RdS"UdRTW�L
RT_1P

JbWEL.NQPHh`P�k�X1WQS�rQNfRTh5PlXdZealRdL.k
NQJbWQ_Qu ¤ RTk
N�r&P/Rd�EJ]h�h`rQRdL.J]RT[][M��[bXVk�RT[]Jb��P�S�|'JML.NQJbW�R

h5acRd[][sRT^5P/R�XTZeL.N"PlJbacRT_TPTuc²pZYL.NQPHtQWQJbX1W�XdZ'RT[][+r&P/Rd��h�SQP�L`P�k�L.P�S�X�UTP�^(L.NQPlJ]alRT_1P

k�P�[b[]hYJbhYk�X1WQh`JbSQP�^5P�S\iVL.NQP�L`XTL
Rd[�WmtQa{g&P�^eXdZ�r	P�RT�mhe|YX1t"[]S@g&P [®Rd^`_1P{¥ 6 ô1ô�ox�Tô1ô1§�i�|'JbL`N

alRTW��EJbSQP�W�L.Jbk/RT[)r	P�RT�mh�_1P�WQP�^`RdL.P�S�Z,^5X1añL`NQPlh`RTaHP�k�X1[bX1^*RT^`P�R�h5rQ[]JML(RTk�^5X1h`h*k�P�[][bh�u

v�N"P�ÈcË�Á�Æ�Ë�hxL.P�r�[]P/R/UTP�h'~5t"h5L�X1WQPHk�X1r���XTZeP�RTk
N�r&P/RT�EJbW�L`NQPlzQWfRT[sr	P�RT�E[]Jbh5L�Z,X1^

L`NQPOJ]alRT_1Pdu ¤ RTk
N�r	P�RT��JbW�L.NQP�zfWfRd[�[]Jbh5L�XTZnRTW8JbacRT_TP{J]h�Rdh`h`Jb_1WQP�S�R}k�XT[]X1^ []RTg&P�[
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t"WQJ]�mtQP*J]W}L`NfRdL'J]alRT_1Pdu

v�NQP�N"J]h5L`X1_1^`RTaÒr	P�RT�mhsRT^`PeS"P�L.P�k�L`P�SHgm��zfWQSQJbWQ_{À]¿�¾`ÇTÀVÈHÇ&%1Ã¦ÈHÇYJ]W�R ± oyòåWQP�Jb_1NVo
g&X1^5NQXVX�S�|'J]W"SQX�|ürfRTh5h`P�SßX�U1P�^OL`NQP ± o3ò�NQJbh5L`X1_1^.Rda�u�v�NQJ]hHRTr"rQ^`X�Rdk
NïrQ^5XVS"tQk�P�h

aHX1^5P�r&P/RT�mh�L`NfRTW�L`NQP�N"J]h5L`X1_1^`RTa�k�[btQh5L`P�^`JbWQ_caHP�L`NQX�S�� ÿ �)g"t"L�RT[b[�SQJ]hxL.JbWQk�Lqk�X1[bX1^`h

Rd^`POalXT^`P{[bJ]�TP�[b��L.X�g	POk�X1^`^5P�k�L`[b�E^5P�rQ^5P�h5P�W�L.P�S\ucv�NQXTtQ_1N8L.NQPONQJbh5L.XT_1^.RTañk�[btQh5L`P�^xo

JbWQ_�RTrQrQ^5X�RTk
Nß���%�srQ^`X�SQtQk�P�h*Z,P�|nP�^(k�[]t"h5L.P�^`h�i�JbWmL`P�^xZ,P�^`JbWQ_�gfRTk
�m_1^5X1tQWQS�k�X1[bX1^`h |'Jb[][

r"^`X�SQtQk�P*[]RT^`_1P�k�[]tQhxL.P�^`h'|'NQP�^5P(L`NQP*k�[]t"h5L.P�^'alP�RTWQh�RT^`P*WQXdL'^`P�r"^`P�h5P�W�L
R%L.JbUTP�XTZ�L.N"P

|'N"X1[]P�k�[btQh5L`P�^�uå°VJbWQk�P�L.N"P��mtQP�^5�¯X1g�~5P�k�LHk�XT[]X1^5hlRd^`P�WQXTLH�mWQX�|'WåR8rQ^`JbX1^`J�isJbLOJ]h

W"P�k�P�h`h`RT^5��L.XONfR/UTP�r&P/RT�mh�^`P�rQ^`P�h`P�W�L`J]WQ_HP�UTP�^5��SQJbh5L`J]WQk�L�k�X1[bX1^�J]W}L`NQP*J]alRT_1PTu

ò tQ^5J]WQ_*L.N"PqalRdL.k
N"J]WQ_*rQ^5XVk�P�h`h�i"k�RTWQSQJbSfRdL.P�J]alRT_1P�h�|'NQJ]k
NcNfR/U1P�r&P/Rd��h alRdL.k
NVo

JbWQ_�RT[][YL`NQP���t"P�^5�ïk�XT[]X1^5hlRd^`P�P���L.^`RTk�L`P�S\uäØ´r&P�^5Z,P�k�LcacRdL`k
NïJbhOSQP�L`P�k�L`P�Så|'NQP�W

L`NQP�k/RdWQSQJ]SQRdL.P�r	P�RT��ZÍRT[b[]h'|'JbL`NQJ]WER@h5acRd[][�L.X1[bP�^.RdWQk�P�|'JbWQSQX�|µRT^`X1t"WQS�L.NQP���t"P�^5�

r&P/Rd�&u�v�NQPcL`X1[]P�^.RTWQk�Pl|'JbWQSQX�|ýJ]h�RTh5��aHalP�L.^5J]k�o�h`alRT[b[]P�^*Rd[]X1WQ_�NmtQP}RTWQS�[®RT^5_1P�^

Rd[]X1WQ_�UdRT[]t"PTi�^`P�¢QP�k�L`J]WQ_�L.NQPlSQJb©	P�^5P�W�L�h5P�WQh5JbL`JbU�JbLy�8XTZeP/RTk
N�k�X1aHr	X1W"P�W�L�L`X�UdRT^`J]R%o

L`J]X1W"h�JbW�J][b[]tQaHJ]WQRdL.JbX1W\ucØ¨L.X1[bP�^`RTWQk�PH|'J]WQS"X�|ýXdZ(¥('�) 6+*-, )­� *�. )î��§*Jbh�Z,X1tQW"S
L`Xlg&P*h`tQJML
RTg"[]P Z,X1^�L.N"J]h�SfRdL.RTgfRTh5PTun²pLqJbh�SQP�h5J]^`RTgQ[]P�L`Xlk�X1WQh`JbSQP�^'alRdL.k
N"P�h�g	P�Ly|YP�P�W

r&P/Rd��h'P�U1P�W�|'NQP�W�L.NQP���SQXOWQXTL�alRdL.k
N�P��"RTk�L.[M�}h`XOL.NfR%L�L.NQP*alRdL.k
NQJbWQ_�rQ^5XVk�P�h`h�J]h

aHX1^5P�^5X1gQtQhxLnL`X(UdRT^5J®RdL`J]X1W"h�J]WHk�X1[bX1^sRTWQSlSQP�_T^.RTSQP�hn_T^.RTk�P�Z,tQ[b[b�1u�Ø�W��Hr	P�RT��g&P��1XTWQS

L`NQP}L.X1[bP�^`RTWQk�P}|'JbWQSQX�|ürQ^5XVS"tQk�P�hcRTWâÃ¦Ê�Ë/%mÇ�¾�Å*ÈHÇTÅ3¾
Â�|'JbL`Nïh5X1aHPcÖfË�Ê&ÇTÀ:Å�Õ%uïv�N"P
r&P�WQRT[bLy��J]h _TJbU1P�W8gm��L.NQP�¾�Ã¦ÅÍÕ�ú�À]¿�¾
ó�SQJ]hxL
RTWQk�P�g	P�Ly|YP�P�W8L.NQP�k�RTWQSQJbSfRdL`P�r	P�RT��RTW"S

L`NQP WQP�RT^`P�h5L'r&P�^xZ,P�k�L'alRdL`k
N\u�Ø�[b[	alRdL`k
N}r	P�WfRT[bL`J]P�hY_1^5P/RdL`P�^YL`NfRTW@Z,X1tQ^YRT^`PqL.^`P�RdL.P�S

6/±



Rdh(È�Ã]Ä�ÈHÇTÅy¾
ÂfË
Ä�u

0 =�>EC�¸21�G/>
� �{>EC 3ñ¸�?�AsG�¸�¹��54

v�N"P�RTJba XTZ�JbWQSQP��VJbWQ_ßJbh�L`Xß[bJ]aHJbL@L`NQP�h5P/RT^5k
N«rQ^`X�k�P�h`h�L.XïL`NQP�JbacRd_1P�h�J]WKL.N"P

SQRdL
RTgQRTh`PE|'NQJbk
Nîk/RdWÜg&P8r	X1h5h`JbgQ[]P8k/RdWQSQJ]SQRdL.P�h�Z,XT^}^`P�L`^`JbP�UdRT[�J]W"h5L.P�RTSâXTZ�L`^5��J]W"_

L`XEacR%L.k
N�P�UTP�^x��J]alRT_1PlJ]W�L`NQP}SfRdL.RTgfRTh5P@|'JbL.N�L`NQP}�mtQP�^x�1u�v�NQP}J]WQS"P���L.RTgQ[bPcJ]h

k�X1WQhxL.^`t"k�L.P�S�JbW�L.N"P�Z,X1^`a´XTZnR�Å¦Â�Á.Ë
Ë�ÌxÓTÃ¦ÈcË�Ê"Ä�ÃÎ¿%Ê&ÇTÀ�ÆTÁ�ÃÍÓ{XTZ+L`NQP�h.RTaHP{SQJbalP�WQh`JbX1WQh

Rdh*L`NQPHSQJ]h5k�^`P�L.Jb��P�S�� °�� h5rfRTk�P�¥ÍÐT�d� 6 ô%� 6 ô�§�|'JML.N�P/RTk
N�k�P�[b[�k�XT^`^`P�h`r&X1WQSQJbWQ_�L.X�R

��°��âUTRd[]tQPdu�v�NQJ]hsZ,X1^5acRdL alRT�TP�hnJML r	X1h5h`JbgQ[]P�L.X�SQJ]^5P�k�L.[b�{^`P�L`^`JbP�U1P�L.NQP�k�XTWmL`P�W�L.hYXTZ
P�RTk
N�k�P�[][&J]WQSQP��VP�S�g��cL.N"P�� °��îUTRd[]tQPqXTZ�R��mtQP�^x�@r&P/RT��usØ�W}P��QRdalrQ[bP�XTZ�R{k�P�[b[�J]W
L`NQP*J]WQS"P��}L.RTgQ[]P�Jbh�h`NQX�|'W�J]W��)Jb_ ã u

Image
Number

Match
Penalty

.

.

.

.

k1

k4

Matched
Pk Label

.

.

b1

b4

m12

m1

m43

m241

k0

k2

b0

b2

Content  of  cell  (h1, s1, v1)
of  index  table

�)J]_1t"^`P ãV£ Ø­k�P�[][�JbW@L.NQP ± oyò¬JbWQSQP��}L
RTg"[]P

¤ RTk
N8k�P�[][e¥(' *-,+*�. §�NfRdh�R@[]Jbh5LqXTZ+L.^5J]rQ[bP�h�¥6" *(78*:9 §�|'NQP�^5P;"�J]h RctQWQJb��t"P�J]alRT_1P
JbSQP�W�L`JbzfP�^�i 7 J]h�L.N"P�alRdL.k
N¯r&P�WfRT[MLy��XTZ�L`NQP�r	P�RT��J]W<"Ük�[]X1h5P�hxLlL`Xå¥=' *:,>*�. §�RTW"S
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9 Jbh�L.N"Pck�XT[]X1^([®RTg&P�[sXTZ�L`NQPcr&P/Rd��|'NQJbk
N�alRdL.k
NQP�Sâ¥(' *-,+*�. §�J]W�JbacRd_1P?")u�²yalRT_1P
JbSQP�W�L`JbzfP�^#"âJ]hHrQ^`P�h`P�WmLcJ]Wïk�P�[b[�¥(' *-,+*�. §{X1WQ[b��JbZ 7A@ �Quåv�N"P�[]Jbh5LHJ]hHh5L`X1^`P�SåJ]W

JbWQk�^5P/RTh5J]WQ_OX1^5SQP�^�XdZ�")u
v�NQP�WmtQa{g&P�^sXTZ	XVk�k�tQ^`RTWQk�P�h XTZ�P�RTk
Ncr&P/Rd��Z,X1^�L.N"P�P�W�L.J]^5P'SfRdL
RdgfRTh`P'Jbh+k�X1tQW�L`P�S

RdWQS�h5L`X1^`P�S�J]W�R�B�Á
Ë�C��fË�Ê�¾�Õ�ÅÎÇ�ú�À]Ë*L.X�g	PltQh`P�S�L`X�rQ^5J]X1^5JbL.Jb��P�L.N"PcX1^5SQP�^{JbW�|'NQJbk
N
�mtQP�^5�är&P/Rd��h�Rd^`PEalRdL.k
NQP�Säg	P�k/RTt"h`PEL.NQP�Z,^5P��mtQP�WQk��äXdZ�X�k�k�tQ^.RdWQk�P8J]hcJ]W�U1P�^`h`P�[b�

r"^`X1r&X1^5L`J]X1WQRT[	L`XOL`NQP*SQJ]h5k�^5J]aHJ]WfRdL`X1^5�Hr&X�|YP�^qXTZ�L.N"P(r&P/Rd�&u

v�NQPYr	P�RT�mh�J]W(L.NQPn��t"P�^5��J]alRT_1PsrQ^5X�UVJbSQP�S�gm�(L.N"PYtQh5P�^�Rd^`PYXT^`SQP�^`P�S�gm��J]W"k�^`P�RThxo

JbWQ_@Z,^`P��mtQP�WQk�J]P�h*Z,^5X1añL`NQP{Z,^`P��mtQP�WQk��EL
RTg"[]P{hxL.X1^5P�S8XTáHJ]WQPdu�v�NQPO�mtQP�^5�EJbacRT_TP�J]h

Rdh`h`t"alP�SßL.X�NQR�UTP�WQX�gQRTk
�m_1^`X1t"WQS\i'h`X�Rd[][��mtQP�^x�ßr&P/Rd��hcWQP�P�SåL.X�g&P�alRdL`k
NQP�S\u

v�N"P�J]WQSQP��VJ]WQ_@hxL
RT^xL.h |'JML.N�L`NQP�[]Jbh5L XdZ+L.^`JbrQ[]P�hqZ,^5X1a´L`NQP{JbWQSQP���L
RTg"[]P{R%L L.NQP�zf^`hxL

¥,alXTh5LO^.Rd^`P�§{r&P/RT��XdZ�L.N"P�XT^`SQP�^`P�Sï�mtQP�^x��r	P�RT��[]Jbh5L�X1W�|YRT^`S"h�uåv�NQP�WQP��VLl^.Rd^`P�^

r&P/Rd��Z,^`X1a L`NQPc�mtQP�^5��r	P�RT�8[]Jbh5L*J]h*L.N"P�W�h5P�[bP�k�L`P�S�RdWQS�L.N"Pl[bJ]h5L*Z,X1^�L`NQJ]h(r	P�RT�EJ]h

^5P/RTS@Z,^5X1aýL.NQP JbWQSQP��cL.RTgQ[]Pdu+Ø�W}JbWmL`P�^5h`P�k�L.JbX1W}X1^�Ô/¿%Ã¦Ê�Jbher&P�^5Z,XT^`aHP�S@X1W}[bJ]hxL.hnZ,^5X1a

Ly|nXHk�X1WQh5P�k�t"L.JMU1P��mtQP�^5��r&P/RT�mh�u

v�NQP'Ô/¿%Ã¦ÊHh5L.P�r�r&P�^xZ,X1^`aHheL.N"^`P�P�L.RTh`�mhqRTh'J][][btQh5L`^.RdL`P�S}JbW��)J]_OÐ £

D �)J]WQS"h�L.NQP'J]alRT_1PnJ]SQP�W�L.JbzQP�^`hsk�X1alaHX1W{L`X(g&XTL`NH[bJ]hxL.hsRTWQSO^5P�L
RdJ]WQhsX1WQ[M��L`NQP�h5P
J]SQP�WmL`JbzfP�^`h�JbW8L`NQP�~5X1J]W"P�S8[]Jbh5L/u�²yW���J]_�Ð"i�J]alRT_1P�WmtQa{g&P�^`h!E�F�RTWQSGEIH�RT^`P
k�X1aHalXTWOL`X�[bJ]hxL.h�Z,X1^sg&XTL.NH�mtQP�^x�lr&P/Rd��hKJ­RTWQSLJNM 6 u)v�N"J]hsrQ^`X�k�P�h`hnJ]h+ZÍRTh5L
g	P�k/RTtQh5P�g&XTL`N�[bJ]hxL.h'RT^5P�h`X1^xL.P�S�g��}L.NQP*JbacRT_TP J]SQP�W�L.JbzQP�^`h�u
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Image
Number

Match
Penalty

Image
Number

Match
Penalty

Image
Number

Match
Penalty

List  after  matching

n1
n2
n3
n4 

e1
e2
e3
e4

n1

n4

m1

m2
.

.

k2
.

.

k1

k4

k0

Matched
Pk Label

.

.

n1
n4

e1+k1
e4+k4

Content  of  cell  (h1, s1, v1)

of  index  table

Query Peak P+1 (h1, s1, v1)

List  after  matching

P+1  query  peaksup to  query  peak  P

b1
b0

b2

b4

Correspondences noted  :  (P+1, b1)  for image n1,  (P+1, b4)  for image n4

�)J]_TtQ^`P*Ð £ ØÒhxL.P�r�J]W}L`NQP*J]WQSQP��VJ]WQ_OrQ^5XVk�P�h`h

D ªqr&SfRdL.P�h�L`NQP acRdL`k
N�r&P�WfRd[bLy� Z,X1^�L`NQPn^5P�L.RTJ]WQP�S�JbacRT_TP�h�g��lÇ�Ó�ÓTÃ¦Ê�ÆsL`NQPnr&P�WQRT[Mo
L.J]P�h J]W�L.NQP�X1^5J]_1JbWfRT[�[bJ]h5L`h�u*²yW8�)Jb_}Ð"i�L`NQP{alRdL.k
NEr&P�WfRd[bL.JbP�h�Z,X1^OE�F�RTW"SNEPH
RT^`P�tQr&SfRdL`P�S�L.X#Q 6 MSR 6 RTWQSTQ/�2MSRV�O^5P�h`r&P�k�L.JMU1P�[M�1u

D ûqXTL`P�h*L.NQPHk�X1^5^`P�h`r&X1WQSQP�WQk�P@g&P�Ly|nP�P�W��mtQP�^x��r&P/Rd�8RTWQS�JbacRd_1P�r	P�RT�E[®Rdg	P�[Îu
²yW��)Jb_lÐVi&�mtQP�^5��r	P�RT�UJVM 6 acR%L.k
NQP�S�L.N"P�r&P/RT��[]RTg	P�[][bP�SUW 6 JbW�JbacRT_TPXEKF
RTWQSYW
�lJbW�JbacRd_1POEIH�u

v�NQPHh`alRT[b[]P�^q[]Jbh5L�X1gVL
RTJbWQP�SEJbW8L`NQPHRTg&X�UTPOh5L.P�r�Jbh L.NQP�W�JbW�L.P�^5h`P�k�L.P�S�|'JML.NEL.N"P

[bJ]hxL�Z,^`XTañL.N"P�WQP���L(r	P�RT��JbW�L.NQP��mtQP�^5�E[bJ]hxL/u(v�NQPOacRdL`k
NEr	P�WfRT[MLy��J]h�k�tQa{t"[®RdL`JbU1P

RdWQSO^`P�¢QP�k�L`h+L.NQP�SQP�_1^`P�P�XTZ&acR%L.k
N{Z,X1^+Rd[][VL`NQP�r&P/RT�mh+tQr"L`X�L.NQP�k�tQ^`^5P�W�L r	P�RT��u�v�NQJ]h

r"^`X�k�P�h5hYJbhnk�X1W�L.J]WmtQP�SctQW�L`J][&RT[][QL`NQP�r	P�RT�mhYJ]WHL.NQP��mtQP�^x�H[]J]hxL NfR/U1P�g&P�P�W@P��VNfRdtQh5L`P�S
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RdWQS¯REzQWfRT[e[bJ]h5L{XTZ�J]alRT_1P�h�NfRTh�g&P�P�W¯X1g"L.RTJ]W"P�S\u�v�NQP}zfWfRT[e[bJ]hxL�J]h�L`NQP�W¯h`XT^5L.P�S

JbW8J]WQk�^`P/Rdh`J]W"_�XT^`SQP�^�XTZYalRdL`k
N�r&P�WfRd[bL.JbP�h�u{v�NQJ]h*^`RTWQ�TP�S�[bJ]h5L J]h L.N"PHXTt"L.rQtVL(Z,^5X1a

L`NQP�zQ^`h5L rQNfRTh5PTu��fX1^�P/RTk
NEXdZ+L.NQP{JbacRd_1P�h'J]W�L.NQJbh�zfWQRT[)[bJ]h5L�ifL.NQP{k�X1^`^5P�h5r	X1W"SQP�WQk�P

g&P�Ly|nP�P�W�L.N"P(JbacRd_1P�k�X1[]X1^�[]RTg&P�[]heRTWQS���t"P�^5��r&P/Rd�@k�X1[bX1^e[]RTg	P�[]heJbh'h5L.XT^`P�S�u

Z []\ ^ F'BH>Eº�?+AsDEF�?+G�BH> �{>EC � ��?�FYëEG/>
�

³�Z&L.NQPeZÍRd[]h`P�alRdL`k
NQP�h+^5P�L.^5J]P�U1P�SlRdZ¦L`P�^�L.N"P'zQ^`h5Lsr"NfRTh`Pdi�L`NQP�^5Pe|'J][b["g&PqR []RT^`_TPeWmtQaOo

g&P�^ XTZ�J]alRT_1P�hsJbWH|'NQJbk
NlL`NQP�k�X1[]X1^5hsXTZ�L`NQP��mtQP�^5�HX1g�~5P�k�L�Rd^`P�h`k/R%L`L.P�^`P�S}RTk�^5X1h`hsL.N"P

JbacRd_1PsRTWQS�SQXqW"XTL�Z,XT^`a­R�h`rfRdL`J®RT[b[b�qk�X1N"P�^`P�W�L�k�[btQh5L`P�^�u)v�NQP�h`PYZÍRT[bh`PsalRdL.k
NQP�h�k�X1tQ[bS

g&P'P�[bJ]aHJ]WfRdL`P�S�JMZ�k�X1[]X1^sRdS%~`RTk�P�WQk��OJbW"Z,X1^5acRdL`J]X1W�|eRThntQh`P�S\u+ve|nX�k�XT[]X1^+^5P�_1JbX1WQh RT^`P

RdS%~`RTk�P�W�L)JMZVL`NQP��*h5NfRT^`P R'g	XTtQWQSfRT^x�(RdL�L.N"PnrQJ¡�VP�[�[]P�U1P�[Îu�Ø�[bL`NQX1tQ_TN�Rdk�L.tQRT[�k�X1[bX1^�RTSVo

~`Rdk�P�W"k��lJ]hYS"JbjHk�tQ[MLnL`X�k�X1alr"t"L.PqJ]WlL`NQP rQ^5P�h5P�WQk�P�XTZ�WfRdL`tQ^.Rd[	X1gm~5P�k�L`h�RTWQSck�X1[bX1^`P�S

gQRTk
�m_1^`X1t"WQSQh�i)RTrQrQ^5X/�"JbacR%L.P�_ WQP�Jb_1Nmg	X1^5NQX�XVS8`�J]W"Z,X1^5acR%L.J]XTW�g	P�Ly|YP�P�W�k�X1[]XT^�r	P�RT�mh
k�RTWßg&P�XTg"L
RTJbWQP�S¯Z,^`X1a L`NQP�h`rfRdL`J®RT['[bXVk�RT[]Jb�/RdL`J]X1W�XdZ L.NQP�r	P�RT�mhcJbWmL`X�rQRT^5L`J]k�t"[®RT^

k�P�[b[]h+X1g"L.RTJ]W"P�SHSQtQ^`JbWQ_�L.NQP'r&P/RT��SQP�L`P�k�L`J]X1WlrQ^`X�k�P�h`h�u+ve|YX(^`P�_1J]X1W"hnRd^`P'k�X1W"h`J]S"P�^`P�S

W"P�J]_TN�g&X1^5h�JbZ�L.NQP���RT^`P*h5rfRdL.J]RT[][M�Hk�[]XTh`P(RTWQS�k�X1t"[]S�g	P(RTS�~`RTk�P�WmL�u

v�NQP�SQJb©	P�^5P�WQk�P�g&P�Ly|nP�P�WKk�X1[]X1^lRTS%~`Rdk�P�W"k��ßRTWQSa_ WQP�Jb_1Nmg	XT^`NQX�XVSb`nRdhctQh5P�SäJ]W
L`NQJ]h(k�XTWmL`P���L{Jbh�JbW�L`NQPl[bP�UTP�[ XTZ�k�XTW"zfSQP�WQk�PcL`NfRdL�k/RTW�g	PlRdL`L.RTk
NQP�S�L.X�L.NQPcRTS%~`R%o

k�P�WQk���^`P�[]RdL.JbX1W\u?�'P�_1JbX1WQh�|'NQJbk
N�RT^5PlRdS%~`RTk�P�W�L{RT^5PHRT[b|YR/�Vh*WQP�J]_1Nmg&X1^`h(gQt"L*L`NQP�^5P
alR/�}g&P�h5X1alP(WQP�J]_1Nmg&X1^`h'|'NQJ]k
N�RT^`P(WQXTLqRTk�L.tfRd[][b�}RTS%~`RTk�P�W�L�k�X1[]XT^�^5P�_1JbX1WQh'J]W�L.N"P
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XT^`J]_TJ]WfRT[�J]alRT_1Pdulv�NQJbh(RTrQrQ^5X��VJbacRdL`J]X1WEJbh*NfRTWQSQ[bP�S�gm�8t"h`J]W"_�h5tQgVoy_T^.RTrQN�J]h5X1alXT^xo

r"NQJ]h5aµSQtQ^5J]WQ_ L`NQP�alRdL.k
NQJbWQ_ rQNQRTh`P'J]W"h5L.P�RTS�XTZ&P��"RTk�L _1^.RTr"N�acRdL`k
NQJ]W"_Qu)��X�|YP�U1P�^�i

L`X�acR��"JbalJb��P'L.NQP�WmtQa�g	P�^�XTZ�ZÍRT[]h5P acR%L.k
NQP�h�^`P�aHX�U1P�S\iQL.NQP RTJ]a¨XTZ�WQP�Jb_1Nmg	XT^`NQX�XVS

k�X1aHrQt"L
R%L.J]XTW{J]h)L`X*RTrQrQ^5X/�"JbacR%L.Pek�X1[]X1^)RTS%~`RTk�P�WQk��ORTh+k�[]X1h5P�[b��RTh+r&X1h`h5J]gQ[bPeg��{P�[]J]a�o

JbWfRdL`J]WQ_'P�S"_1P�h)|'N"P�^`PYWQX RTS�~`RTk�P�WQk���J]h�r&X1h`h5J]gQ[bPnSQt"PnL.X�L.NQPnk�X1WVzf_1tQ^`RdL.JbX1W�XTZQr	P�RT�mh

S"P�L.P�k�L`P�S\u

(1,1)

(4,1) (4,2)

(1,2)

(2,1) (2,2) (2,3)

(3,1) (3,2) (3,3)

(1,0)

(2,0)

(1,3)

B

R

G

R

G

(2)

(3)

(1)

B

B

B

B

B

B

B

R

R

RR

R R R
G

G

G

R

R

G

R
G

(4)
(5)

(6)

R

B

G G

¥�R1§ ¥Ígf§ ¥Ík/§

��J]_1tQ^5P�Û £c¤ �"RTaHrQ[bP}XTZ�×eû Ùñk�X1WQh5L`^`tQk�L.JbX1WÜ¥�R�§{°m�VW�L`NQP�L`J]k�J]alRT_1PlSQJbU�J]S"P�S�J]W�L.X

k�P�[b[]h�¥Íg�§l×YP�[][bhcalRT^`�dP�Sß|'JML.NåW"XVSQP�h8¥Ír&P/Rd��h.§Hk�X1W�L
RTJbWQP�SäJbWïL.N"P�a�uîv�NQP�P�SQ_1P�h

g&P�Ly|nP�P�W�L.N"P(W"XVSQP�h�RT^`P�h5NQX�|'W�J]W�gQ^5X1�TP�W�[bJ]WQP�h(¥Ík�§e��J]WfRT[�×eû ÙµRdZ¦L`P�^'aHP�^`_TJ]WQ_

�)Jb_�ÛEh`N"X�|'hcNQX�|�L.NQP�RTrQrQ^5X/�"JbacR%L.P�WQP�Jb_1Nmg	XT^`NQX�XVS¯^`P�[®RdL`J]X1W"h�g	P�Ly|YP�P�WåL.N"P

6/ÿ



k�X1[]XT^�r&P/RT�mhEJ]h�k�X1W"SQP�WQh5P�S¬J]W�L.XåRåk�X1aHrfRTk�L�_1^`RTrQNîo@L`NQPÜ¾
¿%À]¿%Á�Ê�Ë�ÃMÆ%Â"ú�¿%Á
Âf¿�¿�Ó

ÆTÁ5Ç�ÖfÂå¥Î×eû�Ù�§�u��)Jb_�Ûä¥�R�§Hh`NQX�|'h�Ly|YX�h5��W�L.N"P�L.Jbk8X1g�~5P�k�L.h}|'JbL`NåL.NQ^5P�PEk�X1[]X1^c^`P�o

_TJ]X1WQh@¥=�*i Ù�i ½�§�u�v�NQP}r	P�RT�mh�SQP�L`P�k�L.P�S¯J]W�P�RTk
N�k�P�[][eRd^`P@h5NQX�|'WïJbW��)J]_EÛ�¥Íg�§�g��
JbWQk�[btQSQJbWQ_�L.NQP'r&P/RT��k�X1[]X1^s[]RTg	P�["|'JbL`NQJ]WOL.N"Pqk�P�[][�u)v�NQP�h`Pqr	P�RT�mh Z,X1^5aµL.N"PqWQX�SQP�hYJ]W

L`NQP'J]W�L.P�^`aHP�SQJ]RdL.P�×eû�ÙOuTv�NQPqP�SQ_1P�hnJbWOL`NQP'J]W�L.P�^`aHP�SQJ]RdL.P�×eû ÙîJ]W"SQJ]k�RdL.PeL`NfRdL+L.N"P

Ly|nX�r&P/Rd��h(k�XTtQ[]S8g&PHZ,^5X1a RTS%~`Rdk�P�W�L(k�XT[]X1^�^5P�_1JbX1WQh*J]WEL.N"PlX1^5J]_1JbWfRT[�J]alRT_1PduHv�N"P

P�SQ_1P�hqalRT^`�dP�S�RT^5P(_TP�WQP�^.RdL`P�S�Z,^`X1aÉL`NQP�Z,X1[][bX�|'J]WQ_{XTgQh`P�^5UdRdL.JbX1WQh�u

D ²ySQP�W�L.Jbk/RT[b[b�H[®Rdg	P�[][]P�S@WQX�SQP�h�JbW�RTS%~`RTk�P�W�L'k�P�[][bhek�X1t"[]S}g&P�R�rfRT^5LeXTZ�L.NQP�h`RTalP
k�X1[bX1^'^`P�_TJ]X1W�J]W�L.NQP�J]alRT_1P*RTWQS�L.NQP�^`P�Z,XT^`P�RT^`P�k�X1WQW"P�k�L`P�SEg���RTW�P�SQ_1Pdu�ØqW

P��"RTaHrQ[]P(XTZsh`t"k
N�RdW�P�SQ_TP�|'NQP�^5P�L.N"P�Ly|YX}W"XVSQP�h�k�X1WQWQP�k�L.P�S�RT^`P(Z,^`X1a�L.N"P

h.RTaHP*^`P�_TJ]X1W}Jbh�[]RTg&P�[][bP�S8¥��1§eJ]W��)Jb_HÛ�¥,g�§�usv�NQP(P�SQ_TP([]RTg&P�[][bP�S�¥ ã §eh`NQX�|'hqR

k/RTh5P�|'NQP�^`P�Ly|nX@WQX�SQP�h RT^5P�k�X1WQWQP�k�L.P�SERThqWQP�Jb_1Nmg	X1^5hqg"t"L Rd^`P�RTk�L`tfRT[][M�}WQXTL

Z,^`X1a¨L.NQP*h.RdalP*k�XT[]X1^e^5P�_1JbX1W\u

D IKNQP�W8Ly|YX�WQX�SQP�h*X�k�k�t"^(JbW�L.NQPOh`RTalPOk�P�[][�i�L.N"P��8k�XTtQ[]S8g&POZ,^5X1a RdS%~`RTk�P�W�L

k�X1[bX1^ ^`P�_1J]XTWQh*J]WEL.NQPOX1^5J]_1JbWfRT[�J]alRT_1Pdi�h`X�L.NQP���RT^`P�k�X1WQWQP�k�L.P�S�g��8RTW�P�SQ_TP

PTu�_Qu�P�SQ_1Pc[]RTg&P�[][bP�Sß¥ 6 §�u�°�X1alPHWQX�SQP�h�acR/��g	Plk�X1W"WQP�k�L.P�S�|'N"J]k
N�RT^5PcWQXTL

RTk�L`tfRT[][M�(RTS%~`RTk�P�W�L+gQtVL)|nP�k/RTWQW"XTL�SQP�L.P�^`aHJ]WQP L.NQPeP��"RTk�LsRdS%~`RTk�P�WQk���^`P�[®RdL`J]X1W

|'JbL.N"J]W�R�k�P�[b[ |'JML.NQXTt"L{rQJ¡�VP�[ []P�UTP�[nrQ^`X�k�P�h`h`JbWQ_Qu�v�NQP@P�S"_1P@alRT^`�dP�Sâ¥Í��§(J]W

�)J]_HÛ�¥Ígf§�Jbh'RTW�P��"RTaHrQ[]P�XdZ)h5tQk
NERTW�P�S"_1PTu

D ò J®RT_1XTWfRT[sP�SQ_TP�hORT^5P@WQXTL�k�X1WQh5J]SQP�^`P�S¯g&P�k�RTtQh5P�L`NQP���|nX1tQ[]S�g&P}^`P�SQtQWQSQRTW�L
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PTu�_Qu+[®RTg&P�[�¥ ± §�iQRTW"S�alR/�@RdSQS�h`X1aHP�P�SQ_TP�he|'NQP�^`P*WQXHRTS%~`RTk�P�WQk��@Jbher	XTh`h`JbgQ[]P

PTu�_Qu+[®RTg&P�[+¥�Ð�§�u

�+t"L5L.J]W"_lL.N"P{RTg&X�U1P{SQJbh`k�tQh`h5J]X1W�k�X1WQk�J]h`P�[b�Ti	[bP�L
c>deâg&P{RHWQXVS"P�J]W�L.NQP�J]W�L.P�^`aHP�o
S"J®RdL`P�×eû Ùñ|'NQP�^`PU J]h{L.N"P�[]RTg&P�[YXdZ�WQX�SQPUc�RTWQSgf*J]h�L`NQP�k�P�[b[eJ]W�|'N"J]k
Nhc�J]h
[bXVk�RdL.P�S\uYv�N"P�^`P�J]h�RTW�P�SQ_1P!i@¥jc * W�§�g&P�Ly|nP�P�WEW"XVSQP�hkc}RTW"S
W XTZ�L`NQP(_1^.RTr"N�JbZ�L.N"P
Z,XT[][]X�|'JbWQ_{k�XTWQSQJbL`J]X1W}Jbh�alP�L/u

D i@¥=l de * lnm o�§YJMZpfrqhs@³X�t uqv"�RTW"S�¥6f * s�§eRT^5P(�%oyWQP�J]_1Nmg&X1^`h�u

v�NQJbh�^`P�RTh`X1W"J]WQ_@ZÍRTJb[]hqX1WQ[b��JbZsL`NQP�k�X1[bX1^�g&X1tQW"SfRT^`JbP�h�XTZsL`NQP��mtQP�^x�EX1g�~5P�k�L�RT^`P

r&P�^xZ,P�k�L.[b��RT[bJ]_1WQP�S�|'JML.N�L`NQPek�P�[][Vg	X1t"WQSfRT^5J]P�h�iT|'NQJbk
N�J]h�R�UTP�^x�{tQWQ[bJ]�dP�[b�(X�k�k�tQ^.RTW"k�PTu

v�N"J]h'rQ^`XTgQ[]P�aÉJ]h�NQRTWQSQ[bP�S�gm�@tQh`JbWQ_OX�UTP�^5[®RTrQr"J]WQ_Ok�P�[][bh�u

v�NQPHJ]W�L`P�^`aHP�S"J®RdL`P�_1^.RTr"N�X1gVL
RTJbWQP�S�RTg&X�UTPOJ]h*WQXTL(h`t"JbL
RdgQ[]P{Z,X1^*tQh5PlJbW8_1^.RTr"N

alRdL`k
NQJ]WQ_8L.X�SQP�L.P�k�LcZÍRT[bh`P�acR%L.k
NQP�hlg&P�k�RTtQh`P�JbLHJ]hOWQXTLlh`k�RT[]P�J]W�UdRT^5J®RTW�L/uï²pZ L.N"P

h`RTaHPqX1gm~5P�k�LYJ]h [®RT^5_1P�^ X1^sL.NQP�k�P�[][&h`Jb��P�J]h h`alRT[][bP�^�i1L`NQP�^5Pq|nX1tQ[bS@g	P�aHX1^`P�WQX�SQP�hnXTZ

P�RTk
N�k�X1[]XT^�[]RTg&P�[�RTS"SQP�S�L.XOL.NQP(_1^.RdrQN\uYv�XcP�[]JbalJbWfRdL.P�L.NQJbh'SQP�r&P�WQS"P�WQk�P{X1W�h5k/RT[bPTi

JbSQP�W�L`J]k/Rd["[®Rdg	P�[]h�|'N"J]k
NHRT^`P�k�X1WQWQP�k�L`P�SHgm��RTW�P�SQ_TPqRd^`PeaHP�^5_1P�SOJ]W�L`X*R h`J]W"_1[]PeW"XVSQP

Rdh h`NQX�|'W8J]W8��J]_}ÛE¥,k�§�u(v�N"J]h rQ^5XVS"tQk�P�h L.NQP�zQWfRT[+×eû�Ùý|'NQJbk
N8J]h�a�tQk
N8h`alRT[][bP�^

RdWQSïh5k/RT[bP�RdWQSïXT^`J]P�W�L
RdL`J]X1W�J]W�UdRT^5J®RTW�L/u�²yW"Z,XT^`alRdL.JbX1W�RTg&X1t"LOL.NQP�h`rQRdL.J]RT[eP���L`P�W�L

XdZ�L.NQP(X1g�~5P�k�L�J]h�[]X1hxLqg"t"LqL`NQP�k�X1[]XT^�W"P�J]_TN�g&X1^5NQXVX�S�J]W"Z,X1^5acR%L.J]XTW}^`P�alRTJbWQh'J]W�L
RTk�L/u

v�N"P�×eû ÙÝalR���hxL.Jb[][�NfR/U1P�a{tQ[bL`J]rQ[bP�WQX�SQP�hqXTZ�L.N"P�h.RdalP�k�X1[bX1^'[®RTg&P�[�ifgQt"L XTWQ[b��JMZ

L`NQP�h5P�r	P�RT�mh�|YP�^`P�h5rfRdL.J]RT[][M��SQJbh`k�XTWQWQP�k�L.P�SHJbW�L.N"P�J]alRT_1PTu�v�NQP�_T^.RTrQN�J]h)k�X1aHrQt"L.P�S

�dô



XdálJbWQP'Z,X1^YP�RTk
N}XTZ\L`NQP�SfR%L
RTgfRdh`P JbacRT_TP�h RTWQS@hxL.X1^5P�S}tQh5J]WQ_�RTW}RTS�~`RTk�P�WQk��lacR%L.^`J¡�

^5P�rQ^5P�h5P�W�L
RdL`J]X1W�u

��J]_1tQ^5P ÿ"£ �'P�SQtQk�J]WQ_�×eû�Ù*h*g��8SQP�[bP�L`J]WQ_}WQX�SQP�h�WQXdL*acRdL`k
NQP�S�J]W8rQNQRTh`P 6 ¥Í[]P�Z¦L�§
³ ^5J]_1JbWfRT[&J]alRT_1PO¥,alJbS�§e×eû ÙµhxL.X1^5P�S�XTáHJ]WQPH¥,^`Jb_1N�L�§�×eû Ù¬[]P�Z¦L�R%Z¦L.P�^�^5P�SQt"k�L.JbX1W

v�NQP�×eû Ù h5L`X1^`P�SåXTáHJ]WQP�J]hOhxL.J][b[��mtQJbL`P�[]RT^`_1P�g&P�k/RdtQh`P�alX1hxLcXdZ L.NQP�RTS"UTP�^3o

L`J]h5P�aHP�W�L�J]alRT_1P�h�NfR/UTPlR@[]RT^`_TP{WmtQa{g&P�^�XTZsSQJbh5L`J]WQk�L�k�X1[bX1^`h�u���X�|YP�U1P�^�i�JbL�h5NQX1tQ[bS

g&P�WQXTL`P�S8L.NfR%L(RdL�L.NQPOP�WQS�XdZnL`NQP�zf^`hxL�r"NfRTh`POXTZn^`P�L.^5J]P�UdRT[�i�L.N"PHk�X1^`^5P�h5r	X1W"SQP�WQk�P

g&P�Ly|nP�P�W�k�X1[]XT^e[®RTg&P�[bhYJbWcL.NQP�JbacRd_1P RTW"S�L`NQP �mtQP�^5�}r&P/RT�mh�RT^5P�R/UTRdJ][®RdgQ[]P'Z,X1^eP�RTk
N

JbacRd_1P J]W�L.N"P(^5P�L`^`J]P�U1P�S�[]Jbh5L�uY°�XQiQL.NQP*WQX�SQP�hqJbW�L`NQP�×eû Ù |'NQJbk
N�NfR/U1P([®Rdg	P�[]h�WQXTL

alRdL`k
NQJ]WQ_HRTW���XTZ�L.NQP(�mtQP�^x��r&P/Rd��hqk/RTW�g	P*SQP�[]P�L.P�S�Z,^`X1aüL`NQP(_1^.RTr"N�RTh'L.N"P���RT^`P

W"XTL rfRT^5L XTZ&L.N"Pq�mtQP�^`J]P�SlXTg�~5P�k�L/us�)Jb_ ÿ h5NQX�|'hnL.N"P�S"^.RThxL.J]k'^5P�SQtQk�L.JbX1WlJbW�L.NQP�×eû Ù
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|'N"P�W¯X1WQ[b��WQX�SQP�h�|'NQJbk
N�acRdL`k
NQP�S¯RE�mtQP�^x��r&P/RT��RT^`P}k�X1WQh`JbSQP�^5P�S\u�v�N"P}��t"P�^5�

JbWEL.NQJbh�k/RTh5PH|YRTh�L.NQPG�.Ï�RTk�JbWmL`X1h`Nw��[bX1_1XQu{v�N"Plk�X1[]X1^�[®RTg&P�[�XdZnL`NQPOWQXVS"P�h*J]WEL.N"P
^5P�SQt"k�P�S�J]alRT_1P{×eû ÙÉRT^5P�^`P�rQ[®RTk�P�S�g���L.NQPO�mtQP�^5�Er&P/RT��W�t"a{g	P�^ L.NQP��EalRdL.k
NQP�S

t"h`J]W"_�L.NQPck�X1^5^`P�h5r	XTWQSQP�W"k�P�R/UTRdJ][®RdgQ[]P�Z,^`XTaðL`NQPczf^5h5L�rQNQRTh`P}XTZ'alRdL`k
NQJ]WQ_"u�v�NQJ]h

^5P�SQt"k�P�S�i&[]RTg&P�[][bP�S�×eû�Ù J]h�tQh5P�S�Z,X1^�_1^.RdrQN�acRdL`k
NQJ]W"_Qu

¥�R1§ ¥Ígf§

��J]_1tQ^5P�� £+¤ �QRdalrQ[bP�XTZ�×eû�ÙÒaHJ]h5acR%L.k
NE¥ÍR�§x�5½Y[]tQP�g	P�^`^x�@Ï�X1^`WQJbWQ_+�{�mtQP�^5�cJ]alRT_1P
|'JML.N�×eû Ùµh5tQr&P�^`Jbalr&X1h5P�S�¥Íg�§eØ«ZÍRT[bh`P*alRdL.k
N}|'JbL`N�×eû Ùµh`t"r	P�^`J]aHr&X1h`P�S

ØqWåP��"RTaHrQ[]P�h5NQX�|'J]WQ_�L.NQP�[®RTg&P�[b[]J]W"_�XTZ L`NQP��mtQP�^5�å×eû Ù RTWQS¯L.NQP�^`P�SQtQk�P�S

JbacRd_1P(×eû Ùâ~5tQhxL g&P�Z,X1^5P(L`NQP�_T^.RTrQN�acR%L.k
N�Jbh'k�X1aHrQt"L`P�S�Jbhqh5NQX�|'W�J]W��)Jb_c�"uYØeL

L`NQJ]h�r	X1JbW�L/i+g&XTL.N�L`NQP}_1^.RdrQNQh�RT^5P}[®RTg&P�[b[]P�S�tQh5J]WQ_�L`NQP}h.RTaHP@[]RTg	P�[]h*o�L.NQPc��t"P�^5�

r&P/Rd�EW�t"a{g	P�^�u}�fX1^*k�[®RT^5JbLy�1i�L`NQPl[]RTg&P�[]h�NQR�UTPcg&P�P�W�rQ[®Rdk�P�S�J]W8L.N"Pl^5P�_1JbX1W�XdZYL.N"P

JbacRd_1P |'N"P�^`PeL`NQPer&P/RT�mh�|nP�^5P�SQP�L`P�k�L`P�S\u�I�Pek�RTW�h`P�P�NQP�^5PeL.NfRdL)L.NQX1t"_1N{L.NQPYr	P�RT�mh

[]RTg&P�[][bP�S�ô%oy�cRT^`P{r"^`P�h5P�W�L(J]W�g&XTL`N��mtQP�^x�8RTWQSEJbacRT_TPTi�L.NQP{h5rfRdL`J®RT[�WQP�Jb_1Nmg	XT^`NQX�XVS

�T�



^5P�[]RdL.JbX1WQh`N"J]rQh�Rd^`P}WQXTL{J]SQP�WmL`J]k�RT[Îuy��P/Rd��hHô8RTWQS ± RT^5P}k�X1WQW"P�k�L`P�SïJ]W�L.N"P}��t"P�^5�
_T^.RTrQN�gQtVLqW"XTL�J]W@L.N"P(JbacRd_1P _1^`RTrQN\u

�)Jb_ 6 �Eh5NQX�|'hlRdW�P��"RTaHrQ[]PlXTZqR�L.^`t"P}acRdL`k
N�RTWQS�R�ZÍRT[bh`P@alRdL`k
N�|'NQP�W�L.N"P

�mtQP�^5��X1gm~5P�k�L�×eû�ÙµJ]h�alRdL.k
NQP�S�|'JML.N}L.N"P(^5P�SQt"k�P�S�×eû ÙµXTZ)RTW�J]alRT_1Pdu

v�NQP��mtQP�^5�E×eû Ù¨Jbh Rch5tQgVop_1^.RTr"NEXTZ+L.NQP�^`P�S"tQk�P�S�JbacRd_1P{×eû�ÙOu�ò P�L`P�k�L`J]WQ_@R

_TJbU1P�W8h`tQgVop_1^.RdrQN�JbW8R}[®RT^5_1P�^ _T^.RTrQN8Jbh�L.NQP�|nP�[b[Moy�mWQX�|'W8h`t"gQ_1^.RdrQN�Jbh`X1aHX1^5rQNQJ]h5a

r"^`X1gQ[bP�aÉ|'N"J]k
N�J]h'�mWQX�|'W�L.XHg&P�û2�)oyk�XTalrQ[bP�L`PTu �qX�|nP�U1P�^�i&SQtQP*L.XOL.NQP*^5P�h5L`^`Jbk�L.P�S
WQRdL.tQ^5PYXTZ�XTtQ^)rQ^5X1gQ[bP�a­|'NQP�^5PYL.N"Pe^`P�SQtQk�P�SH×eû ÙKWQXVS"P�h�Rd^`PY[]RTg&P�[][bP�S\i�L.N"PYalRdL.k
NVo

JbWQ_�k�XTalrQtVL
RdL`J]X1W�Jbh�Z,P/RTh5J]gQ[bPTu)v�N"Pq^5tQWQWQJbWQ_�L.J]aHPeJbh+XTZ	L`NQP'X1^`S"P�^+XTZbz@¥6" e §)|'NQP�^5P
"EJbhYL.N"P�h`J]��P�XTZ�L.NQP��mtQP�^5��RTS�~`RTk�P�WQk��}alRdL`^`JM�cRTW"SY ´J]hnL.NQP�WmtQa{g&P�^'XTZ�WQX�SQP�h�XTZ

P�RTk
N8k�X1[bX1^�[]RTg&P�[)JbW�L.N"P�^`P�S"tQk�P�S�JbacRT_TP{×eû�ÙOi�Ly��rQJbk/RT[b[b��[]P�h`h L`NfRTW ± u�IKJbL`NQX1t"L

[]RTg&P�[][bJ]WQ_"iw |nX1tQ[]S�g	P(L.NQP(h`Jb��P�XTZ�L.N"P�^`P�SQtQk�P�S8×eû�Ù¨RTS�~`RTk�P�WQk���alRdL.^5JM�}|'NQJbk
N

Jbh�J]W}L.N"P(^`RTWQ_1P�XdZ 6 ô�o 6 ô1ôVu

v�NQP�h`P�RT^`k
NEJbh'Z,t"^5L.N"P�^�^`P�S"tQk�P�SEgm��hxL
RT^xL.J]W"_HL`NQP�alRdL.k
N"J]WQ_OrQ^5XVk�P�h`hq|'JbL.N�L.N"P

�mtQP�^5�8r&P/RT��|'NQJ]k
N8NfRTh�L`NQPOalJbWQJ]a{t"a´WmtQa�g	P�^(XdZYk�X1rQJ]P�h�J]WEL.N"PH^5P�SQt"k�P�S�×eû Ù

XdZ�L`NQP*J]alRT_1PTu

{ | D�¸�A�ì F'BH>Eº�?+AsDEF�?+G�BH> �{>EC }EA+B�F'¸�º�º�G/>
�

v�N"P��mtQP�^x�îJbh�RTWîJ]alRT_1PEXTZ�L`NQP�X1gm~5P�k�L�|'NQJ]k
N­W"P�P�S"h�L.Xïg	P�SQP�L`P�k�L`P�S­JbWÜL.N"P

SQRdL
RTgQRTh`PHJ]alRT_1P�h�uO²pL(k/RTW�g	PHk�XTWQh5L`^`tQk�L.P�S�gm�EL.RT�mJ]WQ_�R�h`tQg�oyrfRT^xL(XTZeX1W"PlXTZ L.N"P

� ±



SQRdL
RTgQRTh`P�JbacRd_1P�hlX1^@k/RdWäg	P�r"^`X�U�J]SQP�SåZ,^`X1a h`X1aHP�XTL`NQP�^ch`X1tQ^5k�Pdu¬v�N"PE��t"P�^5�

JbacRd_1P�h`NQXTtQ[]S�WQXTL�k�X1W�L
RdJ]W�RTW���gQRTk
�m_1^`X1t"WQS�k�XT[]X1^5h(g"t"L�JML(J]h*WQXTL�WQP�k�P�h5h.RT^x��L`X

JbWQk�[btQSQP�L`NQP�|'NQXT[]P�X1g�~5P�k�L*P��QRdk�L.[M��o�J]WQk�[]tQSQJbWQ_cL`NQP{h.Rd[]J]P�W�L�k�X1[bX1^`hqXTZsL.NQP�XTg�~5P�k�L

Jbh�h`t"jHk�J]P�W�L�u ¤ �"RTaHrQ[]P��mtQP�^5��J]alRT_1P�hek/RdW�g&P*h`P�P�W�JbW��)J]_ 6�ã u

v�NQP8rQ^5XVk�P�h5h`J]W"_�^`P��mtQJb^`P�SâXTWKL`NQPE�mtQP�^x�äJ]alRT_1P�J]W"k�[]t"SQP�h@L`NQPESQP�L`P�k�L.J]XTWäXTZ

�mtQP�^5�¯r&P/RT�mhlRTWQS�L.NQP�k�X1W"h5L.^5tQk�L`J]X1W¯XTZqL.NQP��mtQP�^x�ïk�X1[]XT^�WQP�Jb_1Nmg	X1^5NQX�XVS�_1^`RTrQN\u

v�N"PqL.P�k
NQWQJb��t"P�hetQh5P�ScZ,XT^ g&XTL`NlL.N"P�h`Pqk�X1aHrQt"L.RdL.JbX1WQhsJ]h h`XTalP�|'NfRdLnSQJb©	P�^5P�W�LnZ,^5X1a

L`NQP L.P�k
NQWQJb��t"P�h'tQh`P�S�XdálJbWQP X1W}L`NQP�SfRdL.RTgfRTh5P J]alRT_1P�hYZ,X1^YL`NQP�^`P�RTh`X1W"h�P��VrQ[®RdJ]WQP�S

JbW}L.NQP�Z,X1[b[]X�|'J]WQ_�rfRT^.Rd_1^.RTr"NQh�u

v�NQP}N"J]h5L`X1_1^`RTa Z,^`X1a L.N"Pc|'NQX1[bPc�mtQP�^x��JbacRT_TPlJbh�tQh5P�S�Z,X1^�r&P/Rd��S"P�L.P�k�L`J]X1W\u

v�N"P@^`P�RTh`X1W"h{Z,X1^�t"h`J]W"_Eh`rQ[bJbL�RTWQS�aHP�^5_1PcNQJbh5L`X1_1^.Rdaðr&P/Rd��SQP�L.P�k�L.JbX1W�L`P�k
NQWQJb�mtQP

S"XHW"XTL'RTrQr"[b�@N"P�^`Pdusv�NQP�^5P�Rd^`P�WQX�gfRdk
��_T^`X1tQW"S�k�X1[]X1^5h'RTWQS@L`NQP*r	P�RT�mhe|'NQJ]k
N�RT^`P

L`XVXOh5acRT[b[	L`XHS"P�L.P�k�LqJ]W}L.N"P(�mtQP�^5��JbacRT_TP JbL`h`P�[MZ�|nX1tQ[bS�g	P*P�UTP�W�alX1^5P�SQJbjHk�tQ[bL�L`X

S"P�L.P�k�L*JbW�L.NQP�SQRdL
RTgQRTh`P{JbacRd_1P�h�RTWQSEh`N"X1tQ[]SEW"XTL�g&P{J]WQk�[]tQS"P�S\u�Øq[]h`X"i�L.NQP���t"P�^5�

JbacRd_1POacR/�8g&Pc�mtQJbL`Plh5acRd[][sacRd��JbWQ_�JbL(J]W"Z,P�RTh`JbgQ[]P�L`X�h`t"gVoySQJMU�J]SQPlJbL/u}v�N"P�×eû Ù

k�X1WQhxL.^`t"k�L.JbX1WERT[bh`XlSQXVP�h�WQXdL�tQh5P�L.N"P�[]X�k/Rd[]J]��RdL.JbX1W}XTZ+r&P/Rd��hqJ]W�k�P�[b[]h�i	P�[]J]aHJ]WQRdL.JbWQ_

L`NQP*WQP�P�S�Z,X1^�h5tQgVopSQJbU�J]S"J]WQ_{L`NQP*J]alRT_1PTu

²pZ(L.NQP�×eû�Ù |YRTh�k�X1W"h5L.^5tQk�L`P�SKZ,^`X1a r&P/RT�ï[]X�k/RT[bJ]�/R%L.J]XTWïJbWåk�P�[][]h�i�L`NQPEh`k�RT[]P

JbW�UTRd^`J®RdWQk�P*rQ^5X1r	P�^5Ly�}|nX1tQ[bS�g&P�[bX1h5L�uY²yW�RHh`alRT[][���t"P�^5��J]alRT_1Pdi"Ly|nXcr&P/RT�mh�k�X1tQ[bS

g&P*J]W}L.N"P(h`RTaHP(k�P�[b[�RTWQS�L.NmtQh�g	P*k�X1WQWQP�k�L.P�S�g���RTW�P�SQ_TP(JbW�JbL.h�×eû�ÙOu���X�|YP�U1P�^�i

|'N"P�W�R@gQJ]_T_1P�^qk�X1r���XdZ L`NQP��mtQP�^x��X1gm~5P�k�L(RdrQr	P�RT^`h�J]W8R@SfRdL.RTgfRTh5P{J]alRT_1Pdi&L`NQP�h5P
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Query Peak Number

��J]_1tQ^5P 6 ô £ $�RTg&P�[b[]JbWQ_ L.NQP��mtQP�^x�HJ]alRT_1P�rQJ¡�"P�[]h+|'JbL`NHL`NQP�r	P�RT�Ok�X1[bX1^`hq¥Í[bP�Z¦L
§)��t"P�^5�
JbacRd_1PO¥Í^5J]_1N�L
§n[®RTg&P�[b[]P�S}J]alRT_1P

Ly|nX}r&P/RT�mh k�X1tQ[]S�WQX�| g&P{JbW�SQJM©�P�^`P�W�L�k�P�[b[]h'|'JbL.N�WQX}P�SQ_TP{g	P�Ly|YP�P�WEL.N"P�a�u v�NQJ]h

|nX1tQ[bS�k�^5P/RdL`P�RcaHJ]h5acRdL`k
N�|'JML.N�L`NQP{�mtQP�^x�8×eû�ÙOu�°VXQi&|YP�WQP�P�S�L`NQP{P��"RTk�L�k�XT[]X1^

RdS%~`RTk�P�WQk�JbP�h�Z,^`X1a­L.N"PY�mtQP�^x��JbacRd_1PTu�v�NQJbh)J]h�X1g"L.RTJ]W"P�S�g���tQh`JbWQ_�r"JM�VP�[VRTS%~`RTk�P�WQk�J]P�h

S"P�h`k�^`Jbg	P�S�g&P�[bX�|*u

Ø�Z¦L.P�^'L.N"P�r&P/RT�mh�JbW�L`NQP��mtQP�^5��J]alRT_1P(RT^5P�S"P�L.P�k�L`P�S\i&L.NQP�rQJM�VP�[bh'J]W�L`NQP(��t"P�^5�

JbacRd_1P�RT^`P�[®RTg&P�[b[]P�Slg��OL.NQPqr	P�RT�OWmtQa{g&P�^Yt"WQSQP�^ |'NQJ]k
NlL.NQP��ck�RTWcg&P�k�[®RTh5h`JbzQP�S}RTh

h5NQX�|'W�J]W}�)Jb_ 6 ô"u)v�NQP�[®RTg&P�[b[]P�Sc�mtQP�^x�}J]alRT_1P�J]hnh`k�RTWQWQP�S�RTW"S�R{k�X1[bX1^YRdS%~`RTk�P�WQk��

alRdL`^`JM�EJ]h*k�X1aHrQt"L`P�S�g���k�XTtQW�L.J]W"_�L.N"PcWmtQa{g&P�^(XTZ�WQP�J]_1Nmg&X1^`h(XTZ�P�RTk
N�k�X1[]X1^�Z,X1^

P�RTk
N8XTZsL.NQP�rQJM�VP�[bh�RTh h5NQX�|'W8J]W8�)Jb_ 616 u*v�NQP�^`PORT^5P{^`P�_1J]XTWQh XTZsJbWmL`P�^5alP�SQJ®RdL`P�X1^

aHJM�VP�Sck�XT[]X1^ RdL L.NQPqg	XTtQWQSfRT^5J]P�hYg&P�Ly|nP�P�W@Ly|nX�k�XT[]X1^5h P�U1P�W�L`NQX1tQ_TNlL.N"P��lacR/�OWQXTL

g&PYU�J]h5J]gQ[bP |'N"P�W�L.NQPYJ]alRT_1P J]h�U�JbP�|nP�S\u�v�X L
Rd�TPek�RT^`PeXdZ�g	X1t"WQSfRT^x��P�©�P�k�L.h�imR acRdh`�

XdZ�L`NQP�Ly�Vr&P*h`NQX�|'W�J]W��)Jb_ 616 ¥�R�§YJbhetQh`P�S�L`XOzQWQS�W"P�J]_TN�g&X1^5h�XTZ�L`NQP*k�P�WmL`P�^'rQJ¡�"P�[Îu
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9292 381 1 150

1730 10436 42 0

2 82 10042 0

59 0 0 27301
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1
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1 1 0 1

1 1 1 0

0 1 1 0

1 0 0 1

(a) (b) (c)

��J]_1tQ^5P 6161£ ×YXTWQh5L`^`tQk�L.J]W"_HL`NQP(RTS%~`RTk�P�WQk���acRdL`^`J¡�cZ,^5X1aürQJ¡�"P�[\WQP�J]_1Nmg&X1^`NQX�X�SQh(¥�R�§

ØüLy��rQJbk/RT[YWQP�Jb_1Nmg	X1^5NQX�XVS�alRTh`�å¥Íg�§�v�RTgQ[bP@k�XTWQh5L`^`tQk�L.P�S¯Z,^`X1a �5��ôT�~�E�mtQP�^x�Ü¥Ík�§
ØqS%~`RTk�P�WQk���acRdL`^`J¡�@X1gVL
RTJbWQP�S}Z,^`XTaÉL
RTg"[]P

� 3ñ¸�º�D�4�?+º

v�N"P�SfRdL.RTgfRTh5P�NfRdh ± ô1ô(J]alRT_1P�h XdZ\UdRT^`JbX1tQh h`J]��P�hntQr"L.X ÿ �d� 616 ��h`k/RdWQWQP�S�R%L 6 ôTôTSQrQJ
^5P�h5X1[]t"L`J]X1W�u�v�NQPnX�U1P�^5NQP/RdS�J]WQk�tQ^`^5P�S{JbW�h5L`X1^`JbWQ_qL`NQPYJbW"Z,X1^5acRdL`J]X1W�P���L.^.Rdk�L.P�S�XTáHJ]WQP

Jbh+RTg&X1t"L ±+� XTZ&L.N"Peh`Jb��P�XTZ�L.N"P�SfRdL
RdgfRTh`Pdu�v�NQP'R/U1P�^.RT_TP�WmtQa�g	P�^+XTZ�L
RT^5_1P�L+JbacRd_1P�h
Z,XT^�P/RTk
N��mtQP�^x��J]alRT_1P Jbh ±w� ± u
v�NQP�^5P�L`^`J]P�UdRT[m^`P�h5tQ[bL`h�X1g"L.RTJ]W"P�S{g��(L.NQJbh)h5��hxL.P�a k/RTW�g&P�~5tQS"_1P�S{g���L.NQPnk�^`JML.P�^`J®R

t"h`P�SßJ]W�L.P���Lc^`P�L`^`JbP�UdRT[ÎisÖ&Á.Ë
¾�Ã]Ä�ÃÎ¿%Ê�RTWQSÜÁ.Ë
¾`ÇTÀ¦À:uV�+^`P�k�J]h5J]X1WïJ]h�L.NQP�rQ^`XTr	X1^xL.JbX1W�XTZ
k�X1^`^5P�k�Lq^5P�L`^`J]P�UdRT[]heJbW}L.NQP�JbacRT_TP�he^5P�L.^5J]P�U1P�S�tQr"L`XHL`NQP�[®Rdh5L'k�XT^`^`P�k�L�J]alRT_1Pdu��'P�k�RT[][
Jbh L.NQPOrQ^5X1r&X1^5L`J]X1WEXTZnk�XT^`^`P�k�L(^`P�L.^5J]P�UdRT[bh�X1t"L*XTZeRT[][�L.NQPOJbacRT_TP�h JbW8L`NQPOSfRdL.RTgfRTh5P

L`NfRdL+h5NQX1tQ[bS�NfR/U1P'g&P�P�WO^5P�L.^5J]P�U1P�S�Z,X1^�L.NQP�_1JMU1P�W���t"P�^5�Tu ³ WOR ��t"P�^5�{h`P�LsXdZ\� ã iTL.N"P
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��J]_1tQ^5P 6 � £ �'P�k�RT[][¡o��+^`P�k�Jbh`J]XTW¯_T^.RTrQNßRdZ¦L.P�^L�+NfRdh`PE�EZ,X1^HR�h5P�L@XdZ*� ã ^.RTWQS"X1al[M�
h5P�[bP�k�L`P�S���t"P�^`JbP�h�RTWQS 6�ã �mtQP�^5J]P�h'|'JML.N�aHX1^`P L`NfRTW�L.NQ^5P�P*k�X1[bX1^`h�P�RTk
N

^5P�k�RT[]["|YRThn� ã+� u�v�NQPqR/U1P�^.RT_1P�rQ^5P�k�Jbh`JbX1WHRdZ¦L.P�^ r"NfRTh`P 6 |eRdhn�m� � RTWQSlRdZ¦L.P�^srQNfRTh5P
�@JML*J]aHrQ^`X�U1P�SEL.X�Ð1ô � u�v�NQPH^`P�k�RT[][¡oyrQ^5P�k�J]h`JbX1W�_1^`RTrQN�X1g"L.RTJ]WQP�S�RdZ¦L.P�^�rQNfRTh5P@�@J]h
h5NQX�|'W�J]W��)Jb_ 6 ��¥ÍR�§�un²yW�L.P�^`aHhqXdZ)L.N"J]h'SfRdL.RTgfRTh5PTif|'NQJ]k
N�NfRTh ±w� ± L
Rd^`_1P�LqJbacRd_1P�h
XTW}RTW@R/UTP�^.Rd_1PTifR(rQ^`P�k�Jbh`J]XTWcXTZ�ÐTô � alP�RTWQhnL`NfRdLnX1WQPqWQP�P�SQhYL.X�UVJbP�|KX1W"[b��L.N"PqL.XTr
Ð}JbacRT_TP�h�X1W�RTW�R/U1P�^`RT_1P�L.X�h`P�PcRd[][�L`NQP�L
RT^5_1P�L*JbacRd_1P�h�u�v�NQPlr&P�^xZ,X1^`alRTWQk�P{|eRdh

g&P�L5L.P�^�|'NQP�W�L`NQP@�mtQP�^x��NfRdS�alXT^`PlL`NfRTW�L`NQ^`P�P@k�X1[bX1^`h�u�v�NQP�R/U1P�^.RT_TP@rQ^`P�k�Jbh`J]XTW

h5k�X1^5P�R%Z¦L.P�^'rQNQRTh`P{�OJbW�L`NQJ]h'k�RTh`P(|eRTh�Û ã+� unv�NQP�^5P�k�RT[][¡oyrQ^5P�k�Jbh`JbX1W}_1^.RdrQN�Z,XT^'L`NQJ]h
k�RTh`P*Jbh�h5NQX�|'W�JbW��)J]_ 6 ��¥,g�§�u

°VXTalP{XdZnL`NQP�^`P�L.^`JbP�UTP�S8^`P�h`tQ[ML.h*RT^5P�h`NQX�|'W�J]W8�)Jb_ 6 ÐcZ,X1^�L`NQP��mtQP�^5J]P�h�h`NQX�|'W
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�T���y� �����+���j� �!�����NF ���������
½n^`P/R%L.NQP��'J]_1N�L ±>�T± ±>�T± ±+�T±
$	`�X1^`P�RT[�×eRThxL.J]W"_ � � � � � Û � �1ã

×YX1aHP�L � � � � � � ± � � �
ò�RdWQWQX1W ±>�T± ±>�1ã ±+�1ã
�f^`P�h`N�°�L.P�r � � � � �T± � � �

��J]SQSQP�WY� Rd[][]P�� Û � Û Û � �Tô Û ��6�ã
Ï�RTk�J]W�L.XTh`N � � � � � � � � �
Ï�P�^5JbL Ð � Ð Ð �V6�ÿ Ð ��6 �

�'P���WQX1[bSQh � � � � �V6�± � � Ð
°VtQW�×Y^`tQWQk
N"P�^`h � �T± � �V6�± � �Tÿ

��J]_1tQ^5P 6�±"£ �'P�L`^`JbP�UdRT[f^`P�h`tQ[ML.h Z,X1^ 6 ô��mtQP�^`J]P�h £ ¥=�'P�k/Rd[][¦§�²yalRT_1P�h ^5P�L`^`J]P�U1P�S � ûqX"u+XTZ
k�X1^`^5P�k�L+J]alRT_1P�h�JbW�SfR%L
RTgfRdh`P*¥j�s^5P�k 6 §P�+^`P�k�Jbh`J]XTW�RdZ¦L.P�^��+NfRTh5P 6 ¥j�s^5P�ke�1§r�+^`P�k�Jbh`J]XTW
R%Z¦L.P�^��+NfRdh`P��

JbWä�)Jb_ 6�ã uîv�NQP�h5PE^`P�h5tQ[bL`h@h`N"X�|´L.NQRdL@_1X�X�Så^`P�h`tQ[ML.h}RT^5P�X1gVL
RTJbWQP�SåP�U1P�Wâ|'NQP�W

L`NQP��mtQP�^5��X1g�~5P�k�L�J]h�rQ^`P�h`P�W�L�JbW�S"Jb©	P�^`P�W�L h`Jb��P�h�i&X1^`JbP�W�L
RdL`J]X1W"hqRdWQS�|'JbL`N�SQJM©�P�^`P�WmL

gQRTk
�m_1^`X1t"WQSQh�J]W�L.NQP�k/RTWQS"J]SfRdL`P�JbacRT_TP�h�u��)J]_ 6�± h5NQX�|'h*RlL
RTg"[]P*Z,X1^�h5X1alP�XTZ+L.N"P

XdL.NQP�^n�mtQP�^`J]P�hYXTZ�L.NQP��mtQP�^x�ch5P�L/u+v�N"P�h`P�^`P�h5tQ[bL`hYRdWQS@^`P�h`tQ[ML.h X1WcXdL.NQP�^Y�mtQP�^5J]P�hnk�RTW

g&P�U�JbP�|nP�S�JbW�L.N"P�X1WQ[bJ]WQP(SQP�alX1W"h5L.^`RdL.JbX1W�XTZ�L.N"P�h5��hxL.P�a´|'NQJ]k
N�k/RTW�g&P�RTk�k�P�h`h5P�S

Z,^5X1a �����>���/�����������+�>���� �¡p�=¢>£��w¡�¡p��¤>¥+¢¦�+§ £�£�¤+¥�¨©�fu v�NQP�tQh`P�^�k�RTWî�mtQP�^5�äL.N"P

SQRdL
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